In this paper, the exact solution to partial differential equation with variable coefficients is obtained in reproducing kernel space. The approximate solution is given by using an iterative method and the finite section method. It is worthy to note that our method can be employed to solve singularlyboundary value problems of a nonlinear partial differential equation with variable coefficients. Some numerical examples show our method is effective and highly accurate.
INTRODUCTION
where f, a i are known functions in reproducing kernel space W (1, 1) , q is a constant, u ∈ W (2, 3) is the unknown function to be determined, in section 2, we will give the reproducing kernel space W (2, 3) . (1.1) arise in many physics and hydromechanics problems. For example BBM equation, Burgers equation, RLW equation. In recent years there has been a growing interest to solve the operator equation using reproducing kernel [1] [2] [3] [4] . In [1] , Huanmin Yao and Cui Minggen solve linear problems using reproducing kernel. In [2, 3] , C.L.Li and Chen Zhong solve the nonlinear operator equations, they use reproducing kernel for the nonlinear operator equations and transform the nonlinear operator equation to linear operator equations. In [4] , Cui Minggen and Fazhan Geng solve the Burgers equation using an implementation method. The finite section method [5] is a convenient tool for approximation of the operator using finite-dimensional matrix techniques. In this paper, the finite section method is applied to the reproducing kernel frame. we use the iterative method and the finite section method to solve the nonlinear partial differential equation with variable coefficients in the reproducing kernel space W (2, 3) , the space W (2, 3) is different from the reproducing kernel space of the reference [1] [2] [3] [4] , the exact solution and the approximate solution to partial differential equation with variable coefficients are given in reproducing kernel space W (2, 3) . It is worthy to note that our method can be employed to solve singularly-boundary value problems of a nonlinear partial differential equation with variable coefficients. Some numerical examples show our method is effective and highly accurate.
SEVERAL REPRODUCING KERNEL SPACES
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THE EXACT SOLUTION
Note that
, where L * is the adjoint operator of L. where 
where β ik are coefficients of Gram-Schmidt orthonomalization and {ψ
is orthnormal system.
Theorem
Taking into account the density of
is dense on D and the solution of (1.1) is unique, then the solution of (1.1) satisfies the form
Proof. By Theorem 3.1, it is easy to know that {ψ
is the complete normal orthogonal system of W (2, 3) 
(D), hence we have
On the other hand, we prove u(M) is the solution Eq.(1.1). It only prove
Apply the operator L to both sides of the form (3.4)
, , ψ ϕ Hence, it holds
If m = 2, the left side of (3.6) is equal to (3.9) and the right side is equal to (3.10) then
(3.11)
In induction principle, we have 
AN APPROXIMATE SOLUTION
In fact, (Nu)(M k )) of the form (3.4) is unknown. I define initial function u 1 (M). Using the form (3.4), an iterative sequence is constructed (4.1)
Next, we will prove the sequence {u n (M)} ∞ n=1 converge to u(M) which is the solution of (1.1) if
where M is a constant. where 1 is a constant. Hence, A is a bounded set in space C(D). On the other hand, for any u n ∈A and ε > 0, it holds that u n t x h u n t x u n P K t x h P K 
Lemma
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Theorem
If 
0 0 1 0 where 0 ≤ t ≤ 1, 0 < x < 1, and
The numerical results are given in table 2 and table 3 .
Example 3
Consider the follow singularly boundary value BBM equation
We define the operator L :
The numerical results are given in 
CONCLUSIONS
In general, it is very difficult to obtain the exact solution of (1.1). In this paper, we use the iterative method and the finite section method to give the exact solution and the approximate solution of (1.1) in reproducing kernel space An iterative method for solving a class of partial differential equation with variable coefficients x u T u 11, 64, l = r = 8 u 6, 100, l = r = 10 e 6, 100, l = r = 10
